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0 Method and apparatus for plastically forming helical Internal gears and helical gears. 



(§) The invention concerns the extrusion of helical 
internal gears and helical gears by pushing materials 
processed to any type of blank into a die unit 
successively by rrieans of a punch, l.e. v by passing 
the materials once through the die unit. This die unit 
comprises an outer contour restraining container into 
which metal materials each having a central bore are 
f^to be inserted, a die placed contiguously below the 
^container, these container and die being arranged to 
be circumferentially rotatable relative to each other, 
? and upper and lower mandrels disposed inside the 
fv» container and the die in alignment with their axes, 
^respectively, and interconnected for being circum- 
j^Jferentially rotatable relative to each other. The metal 
CO materials being successively pushed into gaps be- 
Q tween the upper mandrel and the container and 
between the lower mandrel and the die by means of 
CLa punch to moid helical internal gears. The outer 
"■'peripheral surface of the lower mandrel has formed 
therein an approach area in which the peripheral 



surface is gradually varied Into a teeth shape of 
helical internal gear and a product configuration area 
continuously extended from the approach area and 
having a complete teeth shape of the helical internal 
gear. 
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METHOD AND APPARATUS FOR PLASTICALLY FORMING HELICAL INTERNAL GEARS AND HELICAL 

GEARS 



The present invention relates to a method and 
an apparatus for plastically forming helical internal 
gears and helical gears, and more particularly to a 
plastically forming method and apparatus for ex- 
truding internal helical gears and helical gears by 
pushing materials processed to any type of blank 
into a die unit successively by means of a punch, 
i.e., by passing the materials once through the die 
unit. 

To data, there have been known -several ap- 
paratus for plastically extruding helical gears which 
have helix teeth, as disclosed in United States 
Patent No. 3,605,475 and No. 3,910,091 by way of 
example. 

> Such a helical gear extruding apparatus com- 
prises a combination of a die having a helical gear 
teeth section formed on its inner wall surface, a 
container integral with the die, a mandrel disposed 
in alignment with the axes of the die and the 
container, and a punch for pushing metal materials 
into the container and the die successively to 
thereby extrude helical gears?, : ., ■ 

In the helical gear extruding apparatus as men- 
tioned above, while the mandrel and the die are 
circumferen tially rotatable relative to each other, 
the die is integral with the container, and the metal 
material being pushed is not circumferentially rotat- 
able relative to the die. Therefore, when the metal 
material is pushed into the die to form helix teeth 
on the outer peripheral surface of the metal ma- 
terial, the material is subjected to axial flow 
(extension), which acts to form the product tooth 
portion with a smaller helix angle than that of the 
die tooth portion and hence produces a lead gap 
between the die tooth portion and the material 
tooth portion under molding. This may arise a 
problem. Specifically, large stress is produced on 
the surfaces of respective teeth of the die and the 
material on one side, causing a pressure difference 
between the lefthand and righthand sides of the 
molded tooth portion, including elastic recovery, 
with respect to the die tooth portion. This may 
cause the molded tooth portion to seize or bite the 
die tooth portion. In the worst case, the die tooth 
portion would be damaged. 

Further, in order to prevent axial extension of 
the metal material during extrusion, the above-cited 
United States Patent No. 3,605,475 adopts a.tech- 
nique to make the hollow portion of the metal 
material free from constraint by omitting the man- 
drel, and hence allow flow of the material toward 
the inner periphery side thereof. 

While this technique is effective in reducing the 



lead gap, there gives rise a problem that high- 
accurate helical teeth cannot be obtained because 
of reduction in the three-dimensional constraint 
force acting from the inner and outer peripheral 

5 surfaces of the material and in the axial direction 
thereof during flow deformation. Another problem is 
in that accuracy of the inner diameter size of the 
helical gear is reduced as well. 

At present, therefore, although several tech- 

w niques for plastically forming helical gears have 
been proposed as disclosed in the above-cited 
United States Patents, the technology capable of 
mass-producing helical gears on an industrial basis 
has not yet been established. Thus, notwithstand- 

75 ing the fact that helical gears are principal compo- 
nents suitable to transmit rotation in many ma- 
, chines, including transmissions for automobiles and , 
motorcycles, they are currently formed through cutr = 
ting by means of gear hobbing machines. In addi- 

20 tion, no methods of plastically forming helical inter- 
nal gears have been reported not only in Japan but 
also ail over the world. As with the above case, 
notwithstanding the : fact that internal helical gears 
are principal components suitable to transmit rota- 

25 tion in many machines, including transmissions for 
automobiles and motorcycles, they are currently 
formed through cutting by means of broaching 
machines. 

The present invention has been accomplished 

30 with a view of solving the problems as set forth 
above, and has for its object to provide a method 
and an apparatus for plastically forming helical 
internal gears and helical gears, which can elimi- 
nate the occurrence of a lead gap as well as 

as seizure, biting or the like between a die and a 
material caused thereby, and which can realize 
mass-production of helical internal gears and hel- 
ical gears on an industrial basis. 

A method of plastically forming a helical inter- 

40 nal gear according to the present invention, em- 
ploys a helical internal gear extruding die unit con- 
sisted of an outer contour restraining container into 
which metal materials each having a central bore 
are to be inserted, a die placed contiguously below 

45 the container, the container and the die being ar- 
ranged to be circumferentially rotatable relative to 
each other, an upper mandrel for guiding, and a 
lower mandrel formed on its outer circumference 
with a teeth section with a desired helix angle for 

so forming helix teeth of the helical internal gear, the 
upper and lower mandrels being disposed inside 
the outer contour restraining container and the die 
in alignment with their axes, respectively, and be- 
ing interconnected to be circumferentially rotatable 
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relative to each other, the method comprising the 
steps of; pushing the metal materials successively 
into gaps between the upper mandrel and the outer 
contour restraining container and between the low- 
er mandrel and the die by means of a punch; 5 
contracting each of the metal mandrels by an in- 
wardly contracted portion of the die to define the 
sectional area necessary to mold the helical inter- 
nal gear, when the metal material passes between 
the die and the lower mandrel; and subjecting the io 
inner peripheral portion of the metal material to be 
flow deformation from an incomplete teeth shape to 
a complete teeth shape as it goes from the upper 
end of an approach area in the teeth section of the 
lower mandrel toward the lower end thereof, when is 
the metal material passes between the approach 
area and a material outer periphery expanding por- 
tion of the die located in facing relation to the 
former, during the above steps the lower mandrel 
is allowed to rotate due to relative rotational forces 20 
produced between the metal material and the lower 
mandrel caused by the helix angle of the teeth 
section, and also flow material due to effective 
expansion of the inner diameter of the metal ma- 
terial during the teeth shape forming process is 25 
absorbed by the material outer periphery expand- 
ing portion which is inclined expansively in com- 
plementary relation to the approach area of the 
lower mandrel,: thereby .keeping constant the hori- 
zontal sectional area of the metal material through- 30 
out the region of material flow deformation in the 
die unit. 

Herein, the expression that the horizontal sec- 
tional area is "constant" conceptually means that 
the sectional area reduction rates at respective 35 
layers are all equal to 0 %. In the engineering 
practice, however, it is inevitable that the sectional 
area reduction rate of about 1 % occurs for each 
layer having an axial distance of 0.5 mm. The 
reasons are in that it is very difficult to measure the 40 
accurate sectional area at respective layers of a 
complicated solid configuration which includes a 
shape of helix teeth, a conical shape, and a corner 
shape made blunt rather than sharp for the cause 
of intensity of the die unit, and that 'the minus 45 
sectional area reduction rate at any layers is mean- 
ingless for extrusion which is based on condition of 
establishing the three-dimensional compression 
stress field. 

An apparatus for plastically forming a helical so 
internal gear according to the present invention 
comprises an outer contour restraining container 
into which metal materials each having a central 
bore are to be inserted a die placed contiguously 
below the outer contour restraining container and ss 
arranged to be circum ferentially rotatable relative 
to the container an upper mandrel disposed inside 
the outer contour restraining container in alignment 



with its axis a lower mandrel connected to the 
lower end of the upper mandrel for being circum- 
ferentially rotatable relative to the upper mandrel 
and disposed in the die in alignment with its axis; 
and a punch for successively pushing the metal 
materials into gaps between the upper mandrel and 
the outer contour restraining container and between 
the lower mandrel and the die. wherein the outer 
peripheral wall of the lower mandrel has formed 
therein an approach area in which the peripheral 
surface is gradually varied into a teeth shape of the 
helical internal gear as it goes ahead from the 
upper end thereof in the extruding direction of the 
metal material, and a product configuration area 
continuously extended from the approach area and 
having the teeth shape of the helical internal gear, 
and wherein the inner peripheral surface of the die 
has formed therein an inwardly contracted portion 
located facing the start end of the approach area of 
the lower mandrel for contracting the metal material 
to define its sectional area necessary, for molding 
the helical internal gear, an outer periphery ex- 
panding portion located facing the approach area of 
the lower mandrel for expansively deforming the 
outer periphery of the metal material to keep con- 
stant the horizontal sectional area thereof despite 
effective expansion of the inner diameter of the 
metal material during the flow deformation process 
in which the inner peripheral portion of the metal 
material is formed gradually into the teeth shape of 
the helical internal gear by the approach area, and 
an outer periphery forming portion located facing 
the product configuration area of the lower mandrel 
for defining the outer diameter of the molded prod- 
uct to the normal size. 

A method of plastically forming a helical gear 
according to the present invention employs a hel- 
ical gear extruding die unit consisting of an outer 
contour restraining container into which metal ma- 
terials each having a central bore are to be in- 
serted, a die placed contiguously below the con- 
tainer, the container and the die being circumferen- 
tially rotatable relative to each other, and a mandrel 
disposed inside the outer contour restraining con- 
tainer and the die in alignment with their axes, and 
arranged to be circumferentially rotatable relative to 
each other, the method comprising the steps of 

a) pushing the metal materials successively 
into gaps between the mandrel and the outer con- 
tour restraining container as well as the die by 
means of a punch; 

b) defining the sectional area of the metal 
material necessary to mold the helical gear by a 
sectional area reduction rate adjusting portion of 
the mandrel, when metal material passes between 
the die and the mandrel; 
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c) and subjecting the outer peripheral portion 
of the metal material to be flow deformation from 
an incomplete teeth shape to a complete teeth 
shape as it goes from the upper end of an ap- 
proach area in a teeth section of the die for mold- 
ing helix teeth toward the lower end thereof, when 
the metal material passes between the approach 
area and a material inner periphery forming portion 
of the mandrel located in facing relation to the 
former. 

During the above steps the die is allowed to rotate 
due to relative rotational forces produced between 
the metal material and the die caused by the helix 
angle of the teeth section, and also flow material 
due to effective contraction of the outer diameter of 
the metal material during the teeth shape forming 
process is absorbed by the material inner periph- 
ery forming portion which is inclined contractedly 
in complementary relation to the approach area of 
the die, thereby keeping constant the horizontal 
sectional area of the metal material throughout the 
region of material flow deformation in the die unit 

An apparatus for plastically forming a helical 
gear according to the present invention comprises 

a) an outer contour restraining container into 
which metal materials each having a central bore 
are to be inserted; 

* b) a die placed contiguously below the outer ? 
"contour restraining container and arranged to be 
circumferentially rotatable relative to the container; 

c) a mandrel disposed inside the outer con- 
tour restraining container and the die in alignment 
with their axes; 

d) a punch for successively pushing the met- 
al materials into gaps between the mandrel and the 
outer contour restraining container as well as the 
die. 

The inner peripheral wall of the die has formed 
therein an approach area in which the peripheral 
surface is gradually varied into a teeth shape of the 
helical gear as it goes ahead from the upper end 
thereof in the extruding direction of the metal ma- 
terial, and a product configuration area continu- 
ously extended from the approach area and having 
the teeth shape of the helical gear. The outer 
peripheral surface of the mandrel has formed 
therein a sectional area reduction rate adjusting 
portion located in a position near the outer contour 
restraining container for expanding the metal ma- 
terial to define its sectional area necessary for 
molding the helical gear, an inner periphery for- 
ming portion located facing the approach area of 
the die for contractedly deforming the inner periph- 
ery of the metal material to keep constant the 
horizontal sectional area thereof despite effective 
contraction of the outer diameter of the metal ma- 
terial during the flow deforma tion process in which 
the outer peripheral portion of the metal material is 



formed gradually into the teeth shape of the helical 
gear by the approach area, and a column portion 
located facing the product configuration area of the 
die for defining the inner diameter of the molded 
5 product to the normal size. 

According to the present invention, when each 
of the metal materials successively pushed by ths 
punch into the gap between the container and the 
mandrel passes the outwardly expanded portion of 
10 the mandrel, the metal material is expanded to the 
sectional area necessary for molding the helical 
gear, and when it passes the approach area of the 
die and the material inner periphery forming portion 
of the mandrel both defined in facing relation, the 
75 outer peripheral portion of the metal material is 
subjected to flow deformation from the incomplete 
. teeth shape to the complete teeth shape following 
the configuration of the approach area Simulta- 
neously, the flow material caused by effective con- 
20 traction of the outer diameter of the metal material 
during the above process of teeth deformation is 
absorbed by the presence of the material inner 
periphery forming portion which is inclined contrac- 
tedly in complementary relation to the approach 
25 area, so that the metal material is prevented from 
undergoing flow extension in the axial direction of 
u the mandrel, and the occurrence of lead gap is 
. s " avoided. Also, since the container and the; die are 
circumferentially rotatable relative to each other, it 
is possible to prevent seizure or biting between the 
metal material and the die, as well as damage of 
the teeth. 

Further, according to the present invention, 
when each of the metal materials successively 
35 pushed by the punch into the gaps between the 
container and the upper and lower mandrels 
passed the inwardly contracted portion of the die. 
the metal material is contracted to the sectional 
area necessary for molding the helical internal 
40 gear, and when it passes the approach area of the 
lower mandrel and the material outer periphery 
forming portion of the die both defined in facing 
relation, the inner peripheral portion of the metal 
material is subjected to flow deformation from the 
45 incomplete teeth shape to the complete teeth 
shape following the configuration of the approach 
area. Simultaneously, the flow material caused by 
effective expansion of the inner diameter of the 
metal material during the above process of teeth 
so deformation is absorbed by the presence of the 
material outer periphery forming portion which is 
inclined expansively in complementary relation to 
the approach area, so that the metal material is 
prevented from undergoing flow extension in the 
55 axial direction of the mandrel, and the occurrence 
of lead gap is avoided. Also, since the container 
and the die as well as the upper and lower man- 
drels are circumferentially rotatable relative to each 
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other, it is possible to prevent seizure or biting 
between the metal material and the die, as well as 
damage of the teeth. 

The invention will be explained in more detail 
on the basis of the drawings in which 

Rg. 1 is a sectional view showing one exam- 
ple of an apparatus for plastically forming helical 
internal gears according to the present invention; 

Rg. 2 is an enlarged sectional view of an 
essential part of the apparatus; 

Rg. 3 is a sectional view showing the state 
that a metal material is pushed into a die to extrude 
a helical internal gear; 

Rg. 4 is an explanatory view showing the 
varying contour of an approach area of a lower 
mandrel tooth portion; 

Rg. 5 is a sectional view of a molded helical 
internal gear; 

Rgs. 6(A) to 6(C) are explanatory views 
showing respective horizontal cross-sectional states 
in the flow deformation process of the material 
according to "the embodiment of the present inven- 
tion; 

Rg. 7 is a sectional view showing one exam- 
ple of an apparatus for plastically forming helical 
gears according to the present invention; 

Rg. 8 is an enlarged sectional view of an 
essential part of the apparatus; v ~ 

Rg. 9 is a sectional view showing the state 
that a metal material is pushed into a die to extrude 
a helical gear; 

Rg. 10 is an explanatory view showing the 
varying contour of an approach area of a die tooth 
portion; 

Rg. 11 is a side view, partially broken away, 
of a molded helical gear; and 

Rgs. 12(A) to 12(C) are explanatory views 
showing respective horizontal cross-sectional states 
in the flow deformation process of the material 
according to the embodiment of the present inven- 
tion. 

One embodiment of the present invention will 
be described hereinafter with reference to Figs. 1 
to 5. 

Rg. 1 is a sectional view showing the entire 
construction of an apparatus for plastically extrud- 
ing helical internal gears according to the present 
invention, Rg. 2 is an enlarged sectional view of an 
essential part of the apparatus, and Rg. 3 is a 
sectional view showing the state that a metal ma- 
terial is pushed into a die to extrude a helical 
internal gear. - 

In Rgs. 1 to 3. a helical internal gear extruding 
die unit generally designated at reference numeral 
1 comprises a container 2, a die 3 and a mandrel 
4. At the center of the container 2. there Is defined 
a material insertion bore 2a which is vertically 
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penetrating through the container and serves to 
restrain the outer periphery of a metal material 5. 

The die 3 is to form the outer periphery of the 
metal material 5 by pushing It Into the die 3, and is 

s rotatably fitted in an attachment hole 9a of a sup- 
port plate 9 vertically movably supported to a plu- 
rality of upstanding guide rods 8 which are in turn 
attached to a stationary base 7 such as a bolster. 
The container 2 is placed over the upper surface of 

io the die 3 with their axes aligned exactly. The 
container 2 and the die 3 have formed in their outer 
circumferences respective flanges 2b. 3a at which 
they are supported on the support plate 9 by a 
ring-like holder 11, fixed to the support plate 9 by 

is means of bolts 10, for being circumferentially rotat- 
able relative to each other. The support plate 9 is 
normally urged upward by compression springs 12 
each disposed between the support plate 9 and the 
stationary base 7 around the guide rod 8 in con- 

20 centric relation. 

The' mandrel 4 consists of an upper mandrel 
13 which is positioned inside the material insertion 
bore 2a of the container 2 for guiding the metal 
material 5 when its central bore 5a is fitted over the 

25 upper mandrel 13. and a tower mandrel 16 which is 
disposed contiguously below and coupled to the 
upper mandrel 13 through a joint sleeve 14 and a 
bolt 15 with their axes aligned exactly such that the 
upper and lower mandrels are rotatable relative to 

30 each other. The lower mandrel 16 has defined on 
its outer circumference a teeth section 161 with a 
desired helix angle for molding helix teeth of the 
helical internal gear. As shown in Rg. 2, the teeth 
section 161 comprises an approach area (teeth 

as deformation process area) 161a expanding linearly 
radially outward from the outer peripheral surface 
of the lower mandrel 16 as it goes ahead in the 
extruding direction of the metal material 5 (i.e.. the- 
direction of arrow X in Rgs. 1 and 3). and a 

40 product configuration area 161b extending down- 
ward continuously from the lower end of the ap- 
proach area 161a to form the complete shape of 
helical gear teeth. In the approach area 161a. each 
tooth has such sectional configurations at respec- 

45 tive positions ® - @ that a tooth groove width d is 
gradually reduced in accordance with the Involute 
curve of the molded tooth as it proceeds from the 
start end of the approach area 161a toward 161b, 
as indicated by ® - (D in Rg. 4. This increases 

so flextural rigidity of the start end portion of the 
approach area 161a„(i.e_.. the portion corresponding 
to © ) from which the metal material 5 starts to 
undergo flow deformation along the approach area 
161a, and also enables smooth transition process 

55 of the metal material 5 to the helical internal gear 
teeth through flow deformation. 

On the inner peripheral surface of the die 3, 
there is defined an Inwardly contracted portion 31 

5 
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which causes the outer peripheral portion of the 
metal material 5 to be subjected to flow deforma- 
tion gradually in the contracting direction, and 
which is located to face the start end of the ap- 
proach area 161 a of the lower mandrel 16. The 
inner peripheral surface of the die 3 has also a 
material outer periphery expanding portion 32 
which is radially outwardly inclined from the top 
corresponding to the minimum inner diameter of 
the inwardly contracted portion 31 toward the ex- 
truding direction of the material (i.e., the direction 
of arrow X). The material outer periphery expand- 
ing portion 32 is located to face the approach area 
161a of the lower mandrel 16 in complementary 
inclining relation thereto, and serves to restrain the 
outer periphery of the metal material 5 while allow- 
ing it to expand outward in response to effective 
expansion of the inner diameter of the metal ma- 
terial 5 during the process in which the inner pe- 
ripheral portion of the metal material 5 is subjected 
to flow deformation gradually from the circular 
crpss-section to the helical internal gear teeth by 
virtue of the approach area 161a of the lower 
mandrel 16. Designated at 33 is a material outer 
periphery forming portion located to face the prod- 
uct configuration area 161b. 

In addition, designated at 17 in Figs. 1 and 3 is 
a cylindrical punch supported to the underside of a 
slider 18 by a holder 19. The punch 17 is to push 
the metal material 5 into a gap between the man- 
drel 4 and the container 2 as well as the die 3, and 
is supported in such an arrangement as making it 
rotatable circurnferentially relative to the slider 18. 

Operation of extruding helical internal gears 
using the die unit 1 thus constructed will be de- 
scribed below. 

First, as shown in Fig. 1, the hollow metal 
material 5 with predetermined thickness and outer 
diameter is inserted into the bore 2a of the con- 
tainer 2, and the slider 1 8 is operated to descent in 
the direction of arrow A with the central bore 5a of 
the metal material 5 fitted over the upper mandrel 
13. When the punch 17 is thereby engaged with 
the upper end of the metal material 5 and then 
further moved downward, the support plate 9 is 
wholly descended against the compression springs 
T2, along with the container 2. the die 3 and the 
mandrel 4. At the time the lower end surfaces of 
both the die 3 and the lower mandrel 16 strike 
against the upper surface of a receiver stand 20 
fixedly mounted on the stationary base 7, the 
downward movement of the container 2, the die 3 
and the mandrel 4 is stopped. 

in such state, when the slider 18 is advanced 
in the direction of arrow A causing the punch 17 to 
be descended at a full stroke, the metal material is 
pushed more deeply in the gap between the con- 
tainer 2 and the mandrel 4 in the extruding direc- 



tion as indicated by arrow X, and it finally reaches 
a position straddling both the container 2 and the 
die 3 as indicated by reference numeral 5 in Fig. 
3. 

5 At the time the metal material is pushed into 

the die 3 from the container 2by means of the 
punch 17, the metal material 5 is contracted by 
the presence of the inwardly contracted portion 31 
of the die 3 for being defined to the sectional area 

to necessary to mold the helical internal gear. Then, 
the inner peripheral portion of the metal material at 
its lower end enters the approach area 161a of the 
teeth section 161 of the lower mandrel 16 for 
molding the helix teeth, whereupon the helix teeth 

is start to be molded on the metal material 5 . The 
material deformation as experienced in the inner 
peripheral portion of the metal material 5' at this 
time corresponds to the sectional configuration of 
the approach area 161a as indicated by ® in Fig. 

20 2. 

Upon completion of full-stroke pushing of the 
first metal material 5 by the punch 17. the punch 
17 is raised up and a next metal material 5 is 
inserted into the container 2, as shown in Fig. 1, 

25 followed by moving the punch 17 again downward 
to push the next metal material 5 into the container 
2. Thereafter, jby , successively pushing subsequent 
metal materials Shinto the container 2 by the punch 
17 in a like manner, the metal materials 5 are 

30 moved through the gap between the die 3 and the 
mandrel 4 one by one in the direction of arrow X. 
During passage through the gap between the die 3 
and the mandrel 4, each metal material 5 is plasti- 
cally formed into a helical internal gear having helix 

35 teeth on the inner circumference thereof. 

In other words, when the metal material 5 
passes the approach area 161a of the lower man- 
drel 16, the inner peripheral portion of the metal 
material 5 is subjected to flow deformation gradu- 

40 ally from the circular cross-section to the complete 
shape of helix teeth. After that, while passing 
through the gap between the product configuration 
area 161b and the material outer periphery expand- 
ing section 32 of the die 3 both defined in facing 

45 relation, the metal material is molded into a helical 
In ternal gear 21 which has perfect helix teeth 21a 
formed in its inner peripheral portion, and has its 
outer periphery 21 b formed into the predetermined 
diameter by the material outer periphery expanding 

so portion 32, as shown In Fig. 5. The helical internal 
gear 21 is dropped into the receiver stand 20. 

In this connection, when each of the metal 
materials 5 successively pushed from above by the 
punch 17 passes the gap between the approach 

55 area 161a in the teeth section 161 of the lower 
mandrel 16 and the material outer periphery ex- 
panding portion 32 of the die 3 both defined in 
facing relation, the inner peripheral portion of the 
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metal material 5 is subjected to flow, deformation 
from the incomplete teeth shape to the complete 
teeth shape as it goes down from the upper end of 
the approach area 161a to the lower end thereof. 
Simultaneously, the flow material caused by effec- 
tive expansion of the inner diameter of the metal 
material 5 during the above process of teeth de- 
formation is absorbed by the presence of the ma- 
terial outer periphery expanding portion 32 which is 
inclined expansively in complementary relation to 
the approach area 161a, so that the metal material 
5 is prevented from undergoing flow extension in 
the axial direction of the mandrel 4. 

Thus, reduction in the horizontal sectional area 
of the metal material 5 caused by flow deformation 
of the inner peripheral portion of the metal material 
5 from the circular cross-section to the helix teeth 
shape is compensated by such an arrangement 
that the material outer periphery contracting portion 
32 of the die 3 serving to restrain the outer periph- 
ery of the metal material 5 is designed to vary in 
its diameter corresponding to changes in the sec- 
tional configuration of the inclined approach area 
161a, thereby keeping constant the horizontal sec- 
tional area of the metal material 5 throughout the 
region of material flow deformation in the die unit 

Fig/ 6 is a set of explanatory views showing the 
fact that the sectional areas at respective horizontal 
planes oMthe :rnetal material are kept constant 
throughout the molding process of the helical inter- 
nal gear in the die unit. 

Fig. 6(A) shows a section of the metal material 
5 at the horizontal plane taken along the line VIA - 
VIA in Rg. 3, Fig. 6(B) shows a section of the metal 
material 5 under molding at the horizontaJ plane 
taken along the line VIB - VIB in Rg. 3, and Fig. 6- 
(C) shows a section of the final product at the 
horizontal plane taken along the line VIC - VIC in 
Rg. 3. 

As will be apparent from those figures, the 
sectional area S A of the metal material 5 being 
inwardly contracted by the inwardly contracting 
portion 31 of the die 3, the sectional area S B of the 
metal material during flow deformation, and the 
sectional area S of the completed gear are equal to 
each other, i.e., S A = S s m s. although the re- 
spective outer diameters 0D A , 0 d b and 0 D c 
exhibit the relationship of 0 D c > 0 D B > 0 D A . 

Accordingly, the material extension in the axial 
direction of the metal material 5 is prevented, and 
there occurs no gap between the lead of the in- 
complete teeth shape formed in the inner circum- 
ference of the material and the lead of the lower 
mandrel teeth section held in contact with the for- 
mer, even in the transition process from the ap- 
proach area 161a of the lower mandrel 16 to the 
product configuration area 161b for molding the 
complete teeth shape. Also, there occurs no lead 



error in the direction of advancement between the 
teeth section molded in the inner circumference of 
the material and the corresponding teeth section of 
the lower mandrel 4, whereby the perfect helix 
5 teeth are formed in the inner circumference of the 
material. 

In addition, when the metal material 5 pushed 
downward by the punch 17 passes the teeth sec- 
tion 161 of the lower mandrel 18 while undergoing 
io flow deformation, relative rotational forces* are pro- 
duced between the metal material 5 and the lower 
mandrel- 16 due to the helix angle of the teeth 
section 161. Stated otherwise, supposing for the 
lower mandrel 16 to be held stationary, the entire 
is metal material 5 is necessarily forced to rotate due 
to the helix lead of the teeth section 161 when the 
metal material 5 is pushed to come into the teeth 
section 161 of the lower mandrel 16. In this state, 
because the most part of the metal material is in 
so the container 2, the metal material has to rotate by 
overcoming the frictlonal resistance between the 
container 2 as well as the upper mandrel 13 and 
the metal material, if the die 3 and the upper 
mandrel 13 are integraJ with the container 2 and 
25 the lower mandrel 16, respectively, or if the relative 
rotational movement is restricted between the die 3 
and the container 2 and between the upper and 
lower; rhandrels 13. 16. At this time, a portion of the 
metal material 5 just enters the approach area 161a 
30 of the lower mandrel 16. and hence rotation of the 
metal materia] 5 produces extreme stress in the 
approach area 161 a. As a result, the metal material 
5 would be deformed unnecessarily, or the teeth 
section 161 of the lower mandrel would be damao- 
35 ed. w 

In this embodiment, however, since the con- 
tainer 2. the die 3, the mandrel 4 and the punch 1 7 
are supported rotatably relative to each other, the 
foregoing problem will not occur at all. Conse- 
40 quently. the helical inter nal gear can be formed 
plastically with a high degree of accuracy. 

Further, since the approach area 161a in the 
teeth section 161 of the lower mandrel 16 for 
molding the helix teeth is designed to have an 
45 inclined sectional shape with an upward slope in 
the extruding direction of the metal material, as 
indicated by ® - @ in Rg. 4. it is possible to 
high-accurately form the helix teeth on the material 
without imposing undue forces and to simplify the 
so molding process, with the result that rigidity of the 
teeth section 161 can be increased and the service 
life of the die unit can be improved. 

Next, another embodiment of the present in- 
vention wili be described with reference to Figs 7 
55 toll. 

Fig. 7 is a sectional view showing the entire 
construction of an apparatus for plastically extrud- 
ing helical gears according to the present invention, 
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Fig. 8 is an enlarged sectional view of an essential 
part of the apparatus, and Fig. 9 is a sectional view 
showing the state that a metal material is pushed 
into a die to extrude a helical gear. 

Referring to Figs. 7 to 9, a helical gear extrud- 
ing die unit generally designated at reference nu- 
meral 101 comprises a container 102, a die 103 
and a mandrel 104. At the center of the container 
102. there is defined a material insertion bore 102a 
which is vertically penetrating through the container 
and serves to restrain the outer contour of a metal 
material 105. 

The die 103 is to form helix teeth on the outer 
periphery of the metal material 105 by pushing it 
into the die 103, and is rotatably fitted in an attach- 
ment hole 109a of a support plate 109 vertically 
movabiy supported to a plurality of upstanding 
guide rods 108 which are in turn attached to a 
stationary base 107 such as a bolster. The con- 
tainer 102 is placed over the upper surface of the 
die 103 with their axes aligned exactly. The con- 
tainer 102 and the die 103 have formed in their 
outer circumferences respective flanges 102b, 
103a at which they are supported on the support 
plate 109 by a ring-like holder 111, fixed to the 
support plate 9 by means of bolts 110, for being 
circumferentially rotatable relative to each other. 
The support plate 109 is normally urged upward by 
compression springs 112 each disposed between 
the support plate 109 and the stationary base 107 
around the guide rod 108 in concentric relation. 

Further, the die 103 has a cylindrical bore 131 
with the diameter slightly larger than the material 
insertion bore 102a of the container 102, and a 
teeth section 132 with a desired helix angle is 
defined on an inner wall of the cylindrical bore 131 
for molding helix teeth of the helical gear. As 
shown in Fig. 8, the teeth section 132 comprises 
an approach area (teeth deformation process area) 
132a expanding linearly radially from the inner sur- 
face of the cylindrical bore 131 toward the center 
as it goes ahead in the extruding direction of the 
metal material 105 (i.e., the direction of arrow Y in 
Fig. 8) and, a product configuration area 132b 
extending downward continuously from the lower 
end of the approach area 132a to form the com- 
plete shape of helical gear teeth. In the approach 
area 132a. each tooth has such sectional configura- 
tions at respective positions ® - @ that a tooth 
groove width d is gradually reduced in accordance 
with the involute curve of the molded tooth as it 
proceeds from inner surface of the cylindrical bore 
131 toward the center, as indicated by (D - © in 
Fig. 10. This increases flextural rigidity of the start 
end portion of the approach area 132a (i.e., the 
portion corresponding to © ) from which the metal 
material 105 starts to undergo flow deformation 
along the approach area 132a, and also enables 



smooth transition process of the metal material 105 
to the helical gear teeth through flow deformation. 

The mandrel 1 04 is disposed in alignment with 
the axes of the material insertion bore 102a of the 

5 container 102 and the cylindrical bore 131 of the 
die 103, and comprises a column portion 141 lo- 
cated inside the material insertion bore 102a of the 
container 102 for guiding the metal material 105 
when its central bore 105a is fitted over the column 

w portion 141, an outwardly expanded portion 143 
which is continuously extended from the lower and 
of the column portion 141 through a tapered por- 
tion 142 and located inside the cylindrical bore 131 
of the die 103 for defining the sectional area of the 

75 metal material 105 necessary to mold the helical 
gear, a material inner periphery forming portion 
144 which is continuously extended from the lower 
end of the outwardly expanding portion 143 in 
facing relation to the approach area 132a in the 

20 teeth section of the die 103, and serves to restrain 
the inner periphery of the metal material 105 while 
allowing it to contract inward in response to effec- 
tive contraction of the outer diameter of the metal 
material 105 during the process in which the outer 

25 peripheral portion of the metal materiai 105 is sub- 
jected to flow deformation gradually from the cir- 
cular cross-section to the helical gear teeth by 
virtue of the teeth section 132 of the die 103, and 
another column portion 145 which Is continuously 

so extended from the lower end of the material inner 
periphery forming portion 144 in facing relation to 
the product configuration area 132b of the die 103 
for defining the normal inner diameter of the helical 
gear to be molded. 

35 Designated at 113 in Figs. 7 and 9 is a cylin- 

drical punch supported to the underside of a slider 
114 by a holder 115. The punch 113 is to push the 
metal material 105 into a gap between the mandrel 
104 and the container 102 as well as the die 103, 

40 and is supported in such an arrangement as mak- 
ing it rotatable circumferentially relative to the slid- 
er 114. 

Operation of extruding helical gears using the 
die unit 101 thus constructed will be described 

45 below. 

First, as shown in Fig. 7, the hollow metal 
material 105 with predetermined thickness and out- 
er diameter is inserted into the bore 102a of the 
container 102, and the slider 114 is operated to 

so descend In the direction of arrow B with the central 
bore 105a of the metal material 105 fitted over the 
column portion 141 of the mandrel 104. When the 
punch 113 is thereby engaged with the upper end 
of the metal material 105 and then further moved 

55 downward, the support plate 109 is wholly de- 
scended against the compression springs 112, 
along with the container 102, the die 103 and the 
mandrel 104. At the time the lower end surfaces of 
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both the die 103 and the mandrel 104 strike 
against the upperside of a receiver stand 116 fixed- 
ly mounted on the stationary base 107, the down- 
ward movement of the container 102. the die 103 
and the mandrel 104 is stopped. 

In such state, when the slider 114 is advanced 
In the direction of arrow B causing the punch 113 
to be descended at a full stroke, the metal material 
is pushed more deeply in the gap between the 
container 102 and the mandrel 104 in the extruding 
direction as indicated by arrow Y, and it finally 
reaches a position straddling both the container 
102 and the die 103 as indicated by reference 
numeral 105 in Fig. 9. 

At the time the metal material is pushed into 
the die 103 from the container 102 by means of the 
punch 113, the metal material 105' is expanded by 
the presence of the outwardly expanded area 143 
of the mandrel 104 for being defined to the sec- 
tional area necessary to mold the helical gear. 
Then, the outer peripheral portion of the metal 
material at its Jower end enters the approach area 
132a of the teeth section 132 of the die 103 for 
molding the helix teeth, whereupon the helix teeth 
start to be molded on the metal material 105 . The 
material deformation as experienced in the outer 
peripheral portion of the metal material 105 at this 
time corresponds to the sectional configuration of 
the approach area 132a as indicated by © in Fig. 
8. 

Upon completion of full-stroke pushing of the 
first metal material 105' by the punch 113, the 
punch 113 is raised up and a next metal material 
105 is inserted into the container 102, as shown in 
Fig. 7, followed by moving the punch 113 again 
downward to push the next metal material 105 into 
the container 102. Thereafter, by successively 
pushing subsequent metal materials 105 into the 
container 102 by the punch 113 in a like manner, 
the metal materials 105 are moved through the gap 
between the die 103 and the mandrel 104 one by 
one in the direction of arrow Y. During passage 
through the gap between the die 103 and the 
mandrel 104, each metal material 105 is plastically 
formed into a helical gear having helix teeth on the 
outer circumference thereof. 

In other words, when the metal material 105 
passes the approach area 132a of the die 103. the 
outer peripheral portion of the metal material 105 is 
subjected to flow deformation gradually from the 
circular cross-section to the complete shape of 
helix teeth. After that, while passing through the 
gap between the product configuration area 132b 
and the material inner periphery forming portion 
144 of the mandrel 104 both defined in facing 
relation, the metal material is molded into a helical 
gear 117 which has perfect helix teeth 117a formed 
in its outer peripheral portion, and has its inner 



periphery 117b formed into the predetermined di- 
ameter by the material inner periphery forming 
portion 144, as shown in Fig. 11. The helical gear 
1 1 7 is dropped into the receiver stand 1 1 6. 

5 In this connection, when each of the metal 

materials 105 successively pushed from above by 
the punch 113 passes the gap between the ap- 
proach area 132a in the teeth section 132 of the 
die 103 and the material inner periphery forming 

io portion 144 of the die 3 both defined in facing 
relation, the outer peripheral portion of the metal 
material 105 is subjected to flow deformation from 
the incomplete teeth shape to the complete teeth 
shape as it goes down from the upper end of the 

15 approach area 132a to the lower end thereof. Si- 
multaneously, the flow material caused by effective 
contraction of the outer diameter of the metal ma- 
terial 105a during the above process of teeth de- 
formation is absorbed by the presence of the ma- 

20 teriai inner periphery forming portion 144 which is 
'inclined contractedly in complementary relation to 
the approach area 132a, so that the metal material 
105 is prevented from undergoing flow extension in 
the axial direction of the mandrel 1 04. 

26 Thus, reduction in the horizontal sectional area 

of the metal material *1 05 caused by flow deforma- 
tion of the outer peripheral portion of the metal 
material 105 from the circular crbssrsection to the 
helix teeth shape is compensated by such an ar- 

30 rangement that the material in ner periphery for- 
ming portion 144 of the mandrel 104 serving to 
restrain the inner periphery of the metal material 
1055 is designed to vary in its diameter corre- 
sponding to changes in the sectional configuration 

35 of the inclined approach area 132a, thereby keep- 
ing constant the horizontal sectional area of the 
metal material 105 throughout the region of ma- 
terial flow deformation in the die unit 

Fig. 12 is a set of explanatory views showing 

40 the fact that the sectional areas at respective hori- 
zontal planes of the metal material are kept con- 
stant throughout the molding process of the helical 
gear in the die unit. 

Fig. 12(A) shows a section of the metal ma- 

45 teriai 105 at the horizontal plane taken along the 
line XHA - XIIA in Fig. 9, Fig. 12(B) shows a section 
of the metal material 105 under molding at the 
horizontal plane taken along the line XIIB - XIIB in 
Fig. 9, and Fig. 12(C) shows a section of the final 

so product at the horizontal plane taken along the line 
XIIC - XlIC in Fig. 9. 

As will be apparent from those figures, the 
sectional area S A of the metal material 105 being 
outwardly expanded by the outwardly expanding 
55 portion 143 of the mandrel 103, the sectional area 
S B of the metal material during flow deformation, 
and the sectional area S of the completed gear are 
equal to each other, i.e., S A = S B 9 S. although 
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the respective outer diameters 0D A . 0 D B and 0 
D c exhibit the relationship of 0 0 A > 0 Db > 0 D c . 

Accordingly, the material extension in the axial 
direction of the metal material 105 is prevented, 
and there occurs no gap between the lead of the 
incomplete teeth shape formed in the outer circum- 
ference of the material and the lead of the die teeth 
section held in contact with the former, even in the 
transition process from the approach area 132a of 
the die 103 to the product configuration area 132b 
for molding the complete teeth shape. Also, there 
occurs no lead error in the direction of advance- 
ment between the teeth section molded in the 
outer circumference of the material and the cor- 
responding teeth section of the die 103. whereby 
the perfect helix teeth are formed in the outer 
circumference of the material. 

In addition, when the metal material 105 push- 
ed downward by the punch 113 passes the teeth 
section 132 of the die 103 while undergoing flow 
deformation, relative rotational forces are produced 
between the metal material 105 and the die 103 
due to the helix angle of the teeth section 132. 
Stated otherwise, supposing for the die 103 to be 
held stationary, the entire metal material 105 is 
necessarily forced to rotate due to the helix lead of 
the teeth section 132 when the metal material 105 
is pushed to come into the teeth section 132 of the 
die 103. In this state, because the most part of the 
metal material is in the container 102, the metal 
material has to rotate by overcoming the frictional 
resistance between the container 102 and the met- 
al material, if the die 103 is integral with the con- 
tainer 102, or if the relative rotational movement is 
restricted between the die 103 and the container 

102. At this time, a portion of the metal material 
105 just enters the approach area 132a of the die 

103, and hence rotation of the metal material 105 
produces extreme stress in the approach area 
132a. As a result, the metal material 105 would be 
deformed unnecessarily, or the teeth section 132 of 
the die 103 would be damaged. 

In this embodiment, however, since the con- 
tainer 102, the die 103. the mandrel 104 and' the 
punch 1 1 3 are supported rotatably relative to each 
other, the foregoing problem will not occur at all. 
Consequently, the helical gear can be formed plas- 
tically with a high degree of accuracy. 

Further, since the approach area 132a in the 
teeth section 132 of the die 103 for molding the 
helix teeth is designed to have an inclined sectional 
shape with an upward slope in the extruding direc- 
tion of the metal material, as indicated by ® - © 
in Fig. 10, it is pos sible to high-accurately form the 
helix teeth on the material without imposing undue 
forces and to simplify the molding process, with 



the result that rigidity of the teeth section 132 can 
be increased and the service life of the die unit can 
be improved. 

5 

Claims 

1. A method of plastically forming a helical 
internal gear, that employs a helical internal gear 

10 extruding die unit consisted of an outer contour 
restraining container into which metal materials 
each having a central bore are to be inserted, a die 
placed contiguously below said container, said con- 
tainer and said die being arranged to be circum- 

is ferentially rotatable relative to each other, an upper 
mandrel for guiding, and a lower mandrel formed 
on its outer circumference with a teeth section with 
a desired helix angle for forming helix teeth of the 
helical internal gear, said upper and lower man- 

20 drels being disposed inside said outer contour re- 
straining container and said die in alignment with 
their axes, respectively, and being interconnected 
to be circumferentlally rotatable relative to each 
other, characterized by the steps of 

25 a) pushing the metal materials successively into 
gaps between said upper mandrel and said outer 
contour: restraining container and between said low- 
er mandrel and said die by means of a punch; 

b) contracting each of the metal mandrels by an 
30 inwardly contracted portion of said die to define the 

sectional area necessary to mold the helical inter- 
nal gear, when the metal material passes between 
said die and said lower mandrel; 

c) subjecting the inner peripheral portion of the 
36 metal material to flow deformation from an incom- 
plete teeth shape to a complete teeth shape as it 
goes from the upper end of an approach area in 
the teeth section of said lower mandrel toward the 
lower end thereof, when the metal material passes 

40 between said approach area and a material outer 
periphery expanding portion of said die located in 
facing relation to the former, 
wherein during said steps 

d) said lower mandrel is allowed to rotate due to 
45 relative rotational forces produced between the 

metal material and said tower mandrel caused by 
the helix angle of said teeth section, and 

e) also flow material due to effective expansion of 
the inner diameter of the metal material during the 

so teeth shape forming process is absorbed by said 
material outer periphery expanding portion which is 
inclined expansively in complementary relation to 
said approach area of said lower mandrel; 

f) thereby keeping constant the horizontal sectional 
55 area of the metal material throughout the region of 

material flow deformation in said die unit. 
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2. An apparatus for plastically forming a helical 
internal gear according to claim 1, characterized 
by an outer contour restraining container (2) into 
which metal materials (5) each having a central 
bore (5a) are to be inserted, a die (3) placed 
contiguously below said outer contour restraining 
container (2) and arranged to be circumferentially 
rotatable relative to said- container (2); an upper 
mandrel (13) disposed inside said outer contour 
restraining container in alignment with its axis; a 
lower mandrel (16) connected to the lower end of 
said upper mandrel (13) for being circumferentially 
rotatable relative to said upper mandrel and dis- 
posed in said die (3) In alignment with Its axis; and 
a punch (17) for successively pushing the metal 
materials (5) into gaps between said upper mandrel 
(13) and said outer contour restraining container (2) 
and between said lower mandrel (16) and said die 
(3), wherein the outer peripheral wall of said lower 
mandrel (16) has formed therein an approach area 
(161a) in which the peripheral surface is gradually 
varied into a teeth shape of the helical internal gear 
as it goes ahead from the upper end thereof in the 
extruding direction of the metal material (5). and a 
product configuration area (161b) continuously ex- 
tended from said approach area (161a) and having 
the teeth . shape of the helical internal gear, and 
wherein the inner peripheral surface of said die (3) 
has formed ^therein an inwardly contracted portion 

(31) located facing the start end of said approach 
area (161a) of said lower mandrel (16) for contract- 
ing the metal material (5) to define its sectional 
area necessary for molding the helical internal 
gear, an outer periphery expanding portion (32) 
located facing said approach area (161a) of said 
lower mandrel (16) for expansively deforming the 
outer periphery of the metal material (5) to keep 
constant the horizontal sectional area thereof de- 
spite effective expansion of the inner diameter of 
the metal material (5) during the flow deformation 
process in which the inner peripheral portion of the 
metal material is formed gradually into the teeth 
shape of the helical internal gear by said approach 
area (161 a), and an outer periphery forming portion 

(32) located facing the product configuration area 
(161b) of said lower mandrel (16) for defining the 
outer diameter of the molded product to the normal 
size. 

3. A method of plastically forming a helical 
gear, that employs a helical gear extruding die unit 
consisted of an outer contour restraining container 
into which metal materials each having a central 
bore are to be inserted, a die placed contiguously 
below said container, said container and said die 
being circumferentially rotatable relative to each 
other, and a mandrel disposed inside said outer 
contour restraining container and said die in align- 
ment with their axes, and arranged to be rotatable 
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circumferentially relative thereto, characterized by 
the steps of 

a) pushing the metal materials successively into 
gaps between said mandrel and said outer contour 

5 restraining container as well as said die by means 
of a punch; 

b) defining the sectional read of the metal material 
necessary to mold the helical gear by a sectional 
area reducing rate adjusting portion of said man- 
ic drel, when the metal material passes between said 

die and said mandrel; 

c) subjecting the outer peripheral portion of the 
metal material to flow deformation from an incom- 
plete teeth shape to a complete teeth shape as it 

is goes from the upper end of an approach area in a 
teeth section of said die for molding helix teeth 
toward the lower end thereof, when the metal ma- 
terial passes between said approach area and a 
material inner periphery forming portion of said 

zo mandrel located in facing relation to the former, 
wherein during said steps . 

d) said die is allowed to rotate due to relative 
rotational forces produced between the metal ma- 
terial and said die caused by the helix angle of said 

25 teeth section, and 

e) also flow material due to effective contraction of 
the outer diameter of the metal material during the 

«:.teath shape forming process is absorbed by saidi 
^material inner periphery forming portion which is 
30 inclined contractedly in complementary relation to 
said approach area of said die, 

f) thereby keeping constant the horizontal sectional 
area of the metal material throughout the region of 
material flow deformation in said die unit. 

as 4. An apparatus for plastically forming a helical 

gear according to claim 3, characterized by an 
outer contour restraining container (102) into which 
metal materials (105) each having a central bore 
(105a) are to be inserted; a die (103) placed contig- 

40 uously below said outer contour restraining con- 
tainer (102) and arranged to be circumferentially 
rotatable relative to said container (102); and a 
mandrel (104) disposed inside said outer contour 
restraining container (102) and said die (103) in 

45 alignment with their axes; and a punch for succes- 
sively pushing the metal materials into gaps be- 
tween said mandrel and said outer contour restrain- 
ing container as well as said die. wherein the inner 
peripheral wall of said die (103) has formed therein 

so an approach area (132a) in which the peripheral 
surface is gradually varied into a teeth shape of the 
helical gear as it goes ahead from the upper end 
thereof in the extruding direction of the metal ma- 
terial (105), and a product configuration area (132b) 

55 continuously extended from said approach area 
(132a) and having the teeth shape of the helical 
gear, and wherein the outer peripheral surface of 
said mandrel (104) has formed therein a sectional 
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area reduction rate adjusting portion located in , 
position near said outer contour restraining con- 
tainer (102) for expanding the metal material (105) 
to define its sectional area necessary for molding 
the helical gear, an inner periphery forming portion 5 
(144) located facing said approach area (132a) of 
said die (103) for contractedly deforming the inner 
periphery of the metal materials (105) to keep 
constant the horizontal sectional area thereof de- 
spite effective contraction of the outer diameter of w 
the metal material during the flow deformation pro- 
cess in which the outer peripheral portion of the 
metal material (105) is formed gradually into the 
teeth shape of the helical gear by said approach 
area (132a), and a column portion (141) located is 
facing the product configuration area of said die 
(103) for defining the inner diameter of the molded 
product to the normal size. 
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© Method and apparatus for plastically forming helical internal gears and helical gears. 



© The invention concerns the extrusion of helical 
internal gears and helical gears by pushing materials 
(5) processed to any type of blank into a die unit 
(2,3) successively by means of a punch (17), i.e., by 
passing the materials (5) once through the die unit 
(2,3). This die unit (2,3) comprises an outer contour 
CO restraining container (2) into which metal materials 
^(5) each having a central bore are to be inserted, a 
Qdie (3) placed contiguously below the container, 
r*N these container (2) and die (3) being arranged to be 
f^circumferentially rotatable relative to each other, and 
Crupper and lower mandrels (13,16) disposed inside 
C4\he container (2) and the die (3) in alignment with 
" their axes, respectively, and interconnected for being 
©circumferentially rotatable relative to each other. The 
metal materials (5) being successively pushed into 
Mi gaps between the upper mandrel (13) and the con- 
tainer (2) and between the lower mandrel (16) and 
the die (3) by means of a punch (1 7) to mold helical 



internal gears (21). The outer peripheral surface of 
the lower mandrel (16) has formed therein an ap- 
proach area (161a) in which the peripheral surface is 
gradually varied into a teeth shape of helical internal 
gear and a product configuration area (161b) con- 
tinuously extended from the approach area and hav- 
ing a complete teeth shape of the helical internal 
gear (21). 
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